Type II restriction-modification systems consist of two genes, one coding for a deoxyribonuclease (R) and the other coding for a methyltransferase (M). The two enzymes in a single system recognize the same target sequence. Since this type of enzyme was discovered, they have widely been used as indispensable tools in molecular biology and genetic engineering. Manyof the genes of these enzymes have been cloned and expressed in the Escherichia coli system.1~3)
AccI, a type II restriction-modification system from Acinetobacter calcoaceticus, recognizes the sequence GT(A/C) (G/T)AC. Accl is one of the most widely used type II restriction endonucleases in molecular biology and genetic engineering. However, the purification of Accl from the A. calcoaceticus is extremely difficult, because three different restriction-modification systems are present in a single strain40 and A. calcoaceticus produces a significant amount of extracellular polysaccharides. 5'6) One of the way to obtain sizable amounts of pure enzyme
Corresponding author. 1553 will be cloning and expression of the gene in the E. coli system. In this report we describe cloning and sequencing of the Accl restrictionmodification system.
Materials and Methods
Strains and media. Acinetobacter calcoaceticus (kindly donated by Dr. K. Fujinaga) was used. The E. coli strains used were HB1017) and JM109.8) The plasmid vectors used were pUC18and Bluescript II. 9) A. calcoaceticus and E. coli cells were grown in LB medium, at 30°C and 37°C, respectively.
Enzymes and chemicals. All the restriction endonucleases, T4 DNA ligase, and bacterial alkaline phosphatase used were products of Toyobo Co., Ltd., Osaka. Other chemicals were reagent grade commercial products. transformants (approximately 10,000 recombinants) were grown to saturation in 500ml of LB containing 50^g/ml ampicillin. Plasmid DNAwas prepared from the cells, digested with R-Accl, and re-introduced into E. coli HB101. The cells were plated on LB-agar plates containing ampicillin, and resistant transformants were selected.
Assay ofR-AccI and M-AccI activities.
The E. coli cells carrying the AccI restriction-modification genes were grown to saturation in 1 ml each of LB media, disrupted by sonication, and centrifuged. The K-Accl activity was assayed as follows. The cell extract (5/il) was added to a reaction mixture (50/zl) containing 1 //g of A-DNA, 10mM Tris-HCl (pH 7.5), 10 mMMgCl2, and 2-mercaptoethanol. After incubation for 1 hr at 37°C, products were analyzed on 1 %agarose gel. One unit ofenzyme activity was defined as the amountof enzymerequired for complete digestion. For assay of the M-Accl activity, the cell extract (5 /il) was incubated for 1hr at 37°C in a reaction mixture (50fA) containing 1 fig ofA-DNA, 10mM Tris-HCl, pH 7.5, 7mM 2-mercaptoethanol, 10mMMgCl2, and 80mMS-adenosyl-L-methionine. The reaction was stopped by heating for 15min at 65°C. Following addition of 10units ofR-Accl, the solution was incubated for 1hr at 37°C, and the products were analyzed by gel electrophoresis. One unit of enzyme activity was defined as the amount of enzyme required for complete protection. Protein was measured by the method of Bradford et al.12) Purification of R-AccI. About 100g of cells harboring p^4cdRM8 (see Fig. 1 ) were suspended in 500ml of20mM Tris-HCl, pH 7.5, 10mM MgCl2, and 7mM2-mercaptoethanol, disrupted and centrifuged for 20min at 8,000rpm. To the supernatant was added solid NaCl to 0.2m and then a 10%stock solution ofpolyethyleneimine to 2%. After removal of the precipitates by centrifugation, solid ammoniumsulfate was added to 70%saturation. The resulting precipitates were dissolved in buffer A (10 mM potassium phosphate buffer, pH 7.5, 7 mM2-mercaptoethanol, and 5% glycerol), from which the R-Accl activity was purified by successive chromatographies on phosphocellulose (Whatmann PI 1), DEAE-Sepharose (Pharmacia) and Sephacryl S-100 (Pharmacia). The enzyme fraction obtained was concentrated by PEG6000 and glycerol, and stored at -20°C. The yield was about 100,000 units.
Purification of M-AccI. About 100 g of cells harboring pv4ccIRM8 (see Fig. 1 Molecular weight measurement gel filtration. Approximate molecular weights in the native form of enzymes were estimated by gel filtration through a Sephacryl S-200 column (Pharmacia, 1 x 40cm). The activity peak of each enzyme in the final purification step and the mixture of calibration standards (Aldolase, bovine serum albumin, egg albumin, and chymotrypsinogen) were put onto the columns, and gel filtration was done with buffer A containing 0.5 m NaCl. Half ml fractions were collected, and the protein concentration and enzymeactivities were analyzed.
DNA sequencing. DNA fragments were cloned in Bluescript II and were sequenced by the dideoxy chain termination method13) using the Model 370A sequencer of Applied Biosystems. Inserts were shortened from the end by the combined action of exonuclease III and mung bean nuclease14) and sequenced with the standard Ml3 The susceptibility to R-Accl of recombinant plasmids isolated by the survivor selection procedure was examined, and one of the clones, named pAcclRMS,was found to be resistant.
Cells were collected from the culture of E. coli HB101 carrying p^ccIRM8 and disrupted, and the endonuclease activity in the cell extract was assayed as described in the Method section. The E. coli cells harboring pAcclRMS produce 1 U/fA of the R-Accl activity, which was about 10 times higher than the activity in the extract of A. calcoaceticus cells. pAccIRMS was digested with several restriction endonucleases, and on the basis of double digestion data, the physical map of p^£cIRM8 was constructed as in Fig. 1 . To locate the two genes encoded in the insert, either the HindIll(l)-BamUI(2) region or the BamHl(l)-Xmnl(l) region was deleted from pAccIRMS, and the abilities of deletion products to confer restriction and modification phenotypes on E. coli cells were examined. The former conferred the restriction and modification phenotype. The latter conferred the modification but not the restriction phenotype. Based on these results, the location of R-Accl and M-Accl genes were decided as indicated in Fig. 1 .
Molecular weights of the Accl enzymes R-Accl and M-Accl were purified from E. coli cells harboring qAccIRMS, and their molecular weights in the native form were estimated by gel filtration (Fig. 2) . From the elution profiles relative to molecular weight markers, the molecular weights of R-Accl and M-Accl were estimated to be 160,000 and 60,000, respectively.
When the peak fractions was electrophoresed on SDS-polyacrylamide gel, R-Accl gave a single band of 40,000 (Fig.  3) . These results indicate that the catalytically active form of R-Accl is tetrameric. On the other hands, M-Accl gave several bands (Fig.   3 ). When the all fractions surrounding the activity peak were analyzed by SDS-polyacrylamide gel electrophoresis, the M-Accl activity corresponded well with the 62,000 band. These results suggest that the catalyti-cally active form of M-AccI is monomeric.
DNAsequence
The entire nucleotide sequence of the 3.4 kb BamYH(\)-Hindlll(\) fragment in pAcclRMS was deduced as shown in Fig. 4 Lack of apparent similarity between methylase and endonuclease has also been reported for other restriction-modification systems, although the two enzymes recognize the same target sequence.1 "3) When the sequence of M-Accl was compared with published sequences of other methylases, M-Accl was found to contain a segment of tetra-amino acids that has been identified as a characterictic of N6-adenine methylases. 2'15'20'22) The consensus sequence of the segment is Asn/Asp-Pro-Pro-Tyr(NPPY), and the sequence in M-Accl was Asn-Pro-Pro-Tyr, as indicated by a rectangle in Fig. 4 . When the region of similarity was searched using the HOMOGAPP program from GENETYX, M-Accl was found to contain some homologous regions with M-Hindi16\ (Fig. 5) . Recently, Ito et al. reported that three homologous regions exist amongthe TNNA specific adenine methylases,16) as indicated by rectangles in Fig. 5 . It was assumed that block III takes part in recognition and methylation.
M-Accl was found to contain additional homologous regions near block III with M-Hindl. These regions may be related to the 
